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Summary
Objective:  This  study  attempted  to  determine  whether  exercise  induced  left  ventricular  (LV)
diastolic dysfunction  estimated  by  altered  trans-mitral  ﬂow  (TMF)  velocity  pattern  after  exer-
cise is  associated  with  increased  risk  of  cardiac  events  including  new-onset  atrial  ﬁbrillation
(AF) in  elderly  patients  with  impaired  LV  relaxation  at  rest.
Background:  Diastolic  stress  echocardiography  has  been  applied  to  evaluate  LV  diastolic  func-
tion during  and  post-exercise.  Prognostic  importance  of  exercise-induced  diastolic  dysfunction
remains uncertain.
Patients  and  methods:  We  studied  126  patients  (70  ±  5  years;  70  males)  who  underwent
treadmill  stress  echocardiography.  Doppler  measurements  were  done  before  exercise  and  imme-
diately after  the  post-stress  image  acquisition,  and  the  ratio  between  early  (E)  and  atrial  (A)
TMF velocities  was  measured.  Patients  with  impaired  LV  relaxation  (E/A  <  1.0)  at  rest  were  stud-
ied. Altered  TMF  velocity  pattern  was  present  when  patients  with  E/A  <  1.0  at  rest  developed
E/A ≥  1.0  after  exercise.
Primary  endpoints  for  follow-up  were  combination  of  major  cardiac  events  and  new-onset  AF.
Results: There  were  42  patients  with  altered  TMF  velocity  pattern  after  exercise.  During  the
5-year follow-up  period,  there  were  30  cardiac  events  including  13  new-onset  AF.  Kaplan—Meier
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survival  plot  demonstrated  that  altered  TMF  velocity  pattern  after  exercise  is  associated  with
increased  risk  of  cardiac  events  (p  <  0.0001)  including  development  of  new-onset  AF  (p  =  0.0003).
Cox hazard  ratio  analysis  demonstrated  that  altered  TMF  velocity  pattern  after  exercise  was
the best  predictor  of  cardiac  events  (hazard  ratio  3.939;  95%conﬁdence  interval  1.662—9.337;
p =  0.0018).
Conclusions:  Altered  TMF  velocity  pattern  after  exercise  provides  signiﬁcant  prognostic  informa-
tion for  predicting  cardiac  events  including  new-onset  AF  in  elderly  patients  with  impaired  left
.
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Regional  wall  motion  of  the  left  ventricle  was  graded
according  to  16  segments  model,  in  which  1  was  consideredventricular  relaxation  at  rest
©  2011  Japanese  College  of  C
ntroduction
xercise  stress  echocardiography  (ExE)  is  an  established
echnique  for  the  diagnosis  and  risk  stratiﬁcation  of  patients
ith  known  or  suspected  coronary  artery  disease  (CAD).
oth  positive  and  negative  ExE  provide  signiﬁcant  prognostic
nformation  [1—8].
Diastolic  dysfunction  has  also  been  recognized  as  a  pre-
ictor  of  clinical  outcome.  Diastolic  dysfunction  has  been
ound  to  be  associated  with  the  development  of  atrial  ﬁbril-
ation  (AF)  and  with  cardiac  events  such  as  congestive  heart
ailure  (CHF),  stroke,  acute  myocardial  infarction  (MI),  and
ardiac  sudden  death  [9—15]. Assessment  of  diastolic  func-
ion  used  to  be  performed  at  rest.  Exertional  dyspnea  is
 common  symptom  in  elderly  patients  with  hypertensive
eart  disease  with  preserved  left  ventricular  (LV)  ejection
raction  (EF).  Although  elevated  LV  ﬁlling  pressure  is  an
mportant  cause  of  exertional  dyspnea  in  such  patients,  LV
lling  pressure  is  normal  at  rest  and  increases  only  with  exer-
ion  [16]. Therefore,  diastolic  stress  echocardiography  has
een  utilized  to  evaluate  diastolic  function  during  exercise
r  post-exercise  [17—21]. However,  the  prognostic  impor-
ance  of  exercise-induced  LV  diastolic  dysfunction  in  elderly
atients  is  undeﬁned.
The  purpose  of  this  study  was  to  determine  whether
xercise-induced  diastolic  dysfunction  estimated  by  altered
rans-mitral  ﬂow  (TMF)  velocity  pattern  after  exercise  is
ssociated  with  increased  risk  of  cardiac  events  including
ew-onset  AF  in  elderly  patients  with  impaired  LV  relaxation
t  rest.
ethods
tudy  patients
rom  September  2001  to  May  2004,  209  consecutive  patients
nderwent  clinically  indicated  ExE  at  Takagi  Cardiology
linic,  Kyoto,  Japan.  Patients  with  unstable  angina,  decom-
ensated  CHF,  or  severe  chronic  obstructive  pulmonary
isease  were  not  included.  All  patients  were  referred  for
xE  to  evaluate  known  or  suspected  CAD,  and  the  cause  of
xertional  dyspnea.  There  were  38  patients  with  age  <60
ears.  The  remaining  171  elderly  patients  with  age  ≥60
ears  were  recruited  to  the  present  study.  We  excluded  11
atients  because  of  signiﬁcant  regional  or  global  LV  wall
otion  abnormality  (WMA)  at  rest,  4  patients  because  of
ocumented  history  of  AF,  6  patients  because  of  more  than
oderate  valvular  heart  disease,  17  patients  because  of  TMF
elocity  with  early  to  atrial  ratio  (E/A  ratio)  ≥  1.0  at  rest.
inally,  133  elderly  patients  with  impaired  LV  relaxation  at
n
a
o
nology.  Published  by  Elsevier  Ltd.  All  rights  reserved.
est  were  enrolled  in  the  present  study.  All  participants  gave
nformed  consent  before  the  examinations.
Clinical  variables,  body  mass  index  [=body  weight
kg)/(height  (m))2],  and  body  surface  area  (m2)  were
ecorded  at  the  time  of  the  treadmill  stress  echocardiog-
aphy.  Medical  treatments  and  a  history  of  hypertension,
iabetes  mellitus,  lipid  disorders,  smoking,  and  CAD  were
bstracted  from  the  medical  record.  CAD  was  deﬁned  as
revious  coronary  revascularization  or  history  of  MI.
readmill  stress  echocardiography
ll  patients  underwent  maximum  symptom  limited  tread-
ill  exercise  test  by  using  the  standard  Bruce  protocol  or
odiﬁed  Bruce  protocol  (Fukuda  Denshi  Co.  Ltd.,  Tokyo,
apan).  Beta-blockers  and  other  cardiovascular  medication
ere  withheld  on  the  day  of  testing  except  for  short-acting
itrates.  A  12-lead  electrocardiography  (ECG)  was  recorded
t  baseline,  every  3  min  during  the  exercise,  and  every  2  min
n  recovery.  Blood  pressure  was  recorded  at  the  same  times
s  the  12-lead  ECG  recordings.  End  points  for  the  tread-
ill  exercise  test  were  signiﬁcant  ST  segment  depression
≥2  mm  in  two  continuous  leads,  measured  80  ms  after  the
 point),  intolerant  symptoms  of  angina,  achieving  a  target
eart  rate  [=(220  − age)  × 0.85  beats/min],  systolic  blood
ressure  ≥  220  mmHg,  or  exhaustion.  Maximal  exercise  tol-
rance  was  deﬁned  by  the  achieved  metabolic  equivalents
METs).
Two-dimensional  echocardiography  was  performed  using
wo  commercially  available  ultrasound  machines;  SSA  350
ith  2.5  MHz  transducer  (Toshiba,  Tokyo,  Japan),  from
eptember  2001  to  December  2002,  and  Vivid  FiVe  with
.5  MHz  transducer  (GE  Health  Care,  Milwaukee,  WI,  USA),
rom  January  2003  to  May  2004.  Echocardiographic  images
sing  standard  apical  four-chamber  view,  apical  two-
hamber  view,  and  apical  long-axis  view  were  acquired  at
aseline  and  immediately  after  peak  exercise.  Immediate
ost-exercise  images  were  obtained  within  1  min  after  the
ermination  of  exercise.  Several  successive  cardiac  cycles
ere  captured  and  stored  in  digital  image  memory.  The  most
atisfactory  immediate  post-exercise  images  were  selected
nd  compared  with  the  baseline  images  on  a side-by-side
uad-screen  display  using  continuous  cine  loop.ormal  or  hyperdynamic,  2  was  hypokinetic,  3  was  akinetic
nd  4  was  dyskinetic.  Wall  motion  score  index  (WMSI)  was
btained  as  the  average  of  these  segments.  Development  of
ew  LVWMA  was  considered  as  a  marker  of  exercise-induced
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Figure  1  Patients  were  assigned  to  2  groups  regarding  post-exercise  trans-mitral  ﬂow  (TMF)  velocity  pattern.  All  patients  had
TMF velocity  pattern  with  impaired  left  ventricular  (LV)  relaxation  [early  to  atrial  ratio  (E/A)  <  1.0]  at  rest  (left  panels).  Patients
who developed  TMF  velocity  pattern  with  E/A  ≥  1.0  after  exercise  were  assigned  to  group  A  with  altered  TMF  velocity  pattern  (top).
Patients who  remained  with  impaired  LV  relaxation  (E/A  <  1.0)  after  exercise  were  assigned  to  group  B  without  altered  TMF  velocity
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myocardial  ischemia.  As  we  have  previously  reported,  the
sensitivity,  speciﬁcity,  and  diagnostic  accuracy  of  the  con-
ventional  treadmill  stress  echocardiography  for  detecting
patients  with  CAD  are  87%,  80%,  and  84%,  respectively,  in
our  clinic  [22].
The  baseline  resting  assessment  included  standard  two-
dimensional  measurements  of  LV  end-diastolic  volume
(LVEDV),  LV  end-systolic  volume  (LVESV),  LV  end-diastolic
dimension  (LVED),  intraventricular  septal  thickness  (IVS),  LV
posterior  wall  thickness  (LVPW),  and  left  atrial  dimension
(LAD).  LV  volumes  were  measured  using  biplane  modiﬁed
Simpson’s  method  and  LVEF  was  calculated.  LAD  was  nor-
malized  for  body  surface  area  to  obtain  LAD  index  (LADI).  LV
mass  was  calculated  using  the  American  Society  of  Echocar-
diography  formula  [23]  and  normalized  for  body  surface  area
to  obtain  LV  mass  index  (LVMI).
Pulsed-wave  Doppler  echocardiography
Using  above  mentioned  ultrasound  machines,  pulsed-wave
Doppler  echocardiography  was  performed  at  baseline  and
after  the  treadmill  stress  subsequently  to  the  acquisition
of  the  two-dimensional  echocardiogram.  The  TMF  velocity
proﬁle  was  recorded  in  the  apical  four-chamber  view  or  api-
cal  long-axis  view  with  the  sample  volume  positioned  at  the
level  of  the  mitral  valve  tips  in  diastole.  The  early  (E)  and
atrial  (A)  TMF  velocities,  and  deceleration  time  of  early  LV
ﬁlling  (E-dct)  were  measured  and  averaged  over  3  consecu-
tive  cardiac  cycles.  Post-stress  Doppler  measurements  were
performed  in  early  recovery  following  the  post-exercise  two-
dimensional  image  acquisition  (within  3  min  of  cessation  of
d
o
r
Axercise)  at  the  earliest  time  that  the  E  and  A  velocities
ere  sufﬁciently  separated  to  permit  measurement.  From
MF  velocity  proﬁle,  diastolic  dysfunction  was  graded  as
mpaired  LV  relaxation  (E/A  ratio  <  1.0)  and  elevated  LV  ﬁll-
ng  (E/A  ratio  ≥  1.0).  Because  the  assessment  of  E-dct  is
hallenging  at  high  heart  rate  after  exercise,  the  grading
as  based  only  on  the  E/A  ratio.  Patients  were  assigned
nto  2  groups  as  shown  in  Fig.  1,  patients  with  altered
MF  velocity  pattern  after  exercise  who  developed  ele-
ated  LV  ﬁlling  (E/A  ratio  ≥  1.0)  after  treadmill  stress,  and
atients  without  altered  TMF  velocity  pattern  who  remained
ith  impaired  LV  relaxation  (E/A  ratio  <  1.0)  after  treadmill
tress.
atient  follow-up
he  follow-up  period  was  initiated  on  the  day  of  ExE,  and
erial  follow-up  was  obtained  in  all  patients.  Follow-up  data
ere  obtained  by  review  of  medical  records.  The  primary
ndpoints  for  this  study  were  major  adverse  cardiac  events
MACE)  such  as  cardiac  death,  non-fatal  MI,  and  stroke,  car-
iac  hospitalization  (CHF  and  coronary  revascularization)
nd  new-onset  AF.  We  included  late  coronary  revasculariza-
ion  for  worsening  symptoms  at  least  3  months  after  the  ExE.
evascularization  before  3  months  was  attributed  to  the  ExE
esult  and  not  considered  as  endpoints.  New-onset  AF  was
eﬁned  by  the  ﬁrst  presentation  of  AF  that  was  clinically
ocumented  by  a  physician.  The  list  of  patients  with  the
utcome  event  based  on  clinical  documentation  was  cross-
eferenced  with  the  ECG  database  (Fukuda  Denshi  Co.  Ltd.).
ll  cases  of  AF  had  to  be  conﬁrmed  by  ECG,  and  AF  was
228  T.  Takagi  et  al.
Table  1  Comparison  of  patient  characteristics  and  treatments  between  two  groups.
Patients  with  altered  TMF
after  exercise
n  =  42
Patients  w/o  altered
TMF  after  exercise
n  =  84
p  value
Age  (years)  71  ±  5  70  ±  5  0.1736
Male (%)  26  (62%)  44  (52%)  0.3459
Body mass  index  (kg/m2)  23.2  ±  2.8  23.8  ±  2.8  0.2838
Body surface  area  (m2)  1.62  ±  0.17  1.61  ±  0.16  0.7780
Risk factors
Hypertension  (%) 40  (95%) 72  (86%) 0.1392
Dyslipidemia  (%) 22  (52%) 43  (51%) >0.9999
Diabetes mellitus  (%) 12  (29%) 25  (30%) >0.9999
Smoking (%)  3  (8%)  8  (10%)  0.7505
History of  CAD  (%)  15  (36%)  22  (26%)  0.3028
Medications
ACEI and/or  ARB  16  (38%)  30  (36%)  0.8456
Calcium channel  blockers  29  (69%)  47  (56%)  0.1799
Beta-blockers  23  (55%)  26  (31%)  0.0121
Diuretics 0  (0%)  1  (1%)  >0.9999
Aldosterone antagonist  4  (10%)  2  (2%)  0.0948
Nicorandil 11  (26%)  10  (12%)  0.0734
Nitrate 8  (19%)  11  (13%)  0.4320
Aspirin 25  (59%)  39  (46%)  0.1890
Statins 18  (43%)  29  (35%)  0.4353
Anti-diabetic  agents 7  (17%)  10  (12%)  0.5819
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TTMF, trans-mitral ﬂow; CAD, coronary artery disease; ACEI, angiot
eﬁned  as  an  episode  of  irregular  rhythm  with  no  visible
-wave  on  the  documented  ECG  recording  lasting  more  than
0  s.
tatistical  analysis
ategorical  variables  are  expressed  as  absolute  value  and
ercentage  (%).  Continuous  variables  are  reported  as  the
ean  value  ±  standard  deviation  (SD).
Differences  in  categorical  variables  between  two  groups
ere  assessed  using  Fisher’s  exact  test.  Differences  in  con-
inuous  variables  between  two  groups  were  analyzed  by
tudent’s  t-test.  A  p-value  less  than  0.05  was  considered
o  be  statistically  signiﬁcant.
Kaplan—Meier  event-free  survival  analysis  with  log-rank
est  was  used  for  graphic  display  of  relationships  of  exercise-
nduced  myocardial  ischemia  and  diastolic  dysfunction  to
he  ﬁrst  cardiac  events.  For  the  event-free  survival  anal-
sis,  the  patients  with  non-cardiac  death  were  censored  at
he  time  of  death  but  not  included  as  cardiac  death.
The  association  of  clinical,  exercise,  and  echocardio-
raphic  variables  with  time  to  ﬁrst  cardiac  event  was
nvestigated  with  multivariate  Cox  proportional  hazards
egression  analysis.  Variables  selected  for  entry  into  mul-
ivariate  analysis  were  those  with  p  <  0.10  on  Cox  univariate
nalysis.  Despite  having  univariate  p  >  0.10,  LVEF,  LADI,
MA,  and  exercise  capacity  (METs)  were  forced  to  multi-
ariate  analysis,  because  they  are  reported  as  important
ariables  pertinent  to  cardiac  outcome.
All  analyses  were  performed  using  Stat  View  J-5.0  (SAS
nstitute,  Inc.,  Cary,  NC,  USA).
M
t
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c converting enzyme inhibitor; ARB, angiotensin receptor blocker.
esults
 total  of  126  of  the  133  patients  (95%)  completed  5 years
f  follow-up.  A  measurement  of  post-exercise  E/A  ratio  was
easible  in  all  patients.  There  were  42  patients  (33.3%)  with
ltered  TMF  velocity  pattern  after  exercise,  and  84  patients
66.7%)  without  altered  TMF  velocity  pattern  after  exercise,
espectively.
atient  characteristics
linical  characteristics  of  the  study  patients  in  two  groups
re  shown  in  Table  1.  There  were  no  signiﬁcant  differences
etween  the  two  groups  in  age,  gender,  body  size,  and
oronary  risk  factors.  There  were  no  signiﬁcant  differences
etween  the  two  groups  in  the  medical  treatments  at  the
ime  of  ExE,  except  usage  of  beta-blockers  was  much  more
requent  in  patients  with  altered  TMF  velocity  pattern  after
xercise.
readmill  stress
emodynamic  variables  during  treadmill  stress  are  shown  in
able  2.  Maximal  exercise  tolerance  deﬁned  by  the  achieved
ETs  was  reduced  in  patients  with  altered  TMF  velocity  pat-
ern  after  exercise.  Heart  rate,  systolic  blood  pressure,  and
ouble  products  at  peak  stress  were  signiﬁcantly  smaller
n  patients  with  altered  TMF  velocity  pattern  after  exer-
ise.Echocardiographic  variables
Exercise-induced  diastolic  dysfunction  predicts  new-onset  atrial  ﬁbrillation  in  elderly  patients  229
Table  2  Comparison  of  hemodynamic  and  echocardiographic  variables  at  rest,  during  treadmill  stress  and  at  post-stress.
Patients  with  altered  TMF
after  exercise
n  =  42
Patients  w/o  altered  TMF
after  exercise
n  =  84
p  value
Achieved  METS  5.9  ±  1.5  6.7  ±  1.7  0.0123
Heart rate-baseline  (bpm)  61  ±  7  70  ±  11  <0.0001
Heart rate-peak  (bpm)  116  ±  14  122  ±  12  0.0138
Systolic BP-baseline  (mmHg) 134  ±  16  137  ±  17  0.2614
Systolic BP-peak  (mmHg) 163  ±  20 173  ±  21  0.0116
Double products-baseline  (×1000)  8.2  ±  1.2 9.6  ±  2.0 <0.0001
Double products-peak  (×1000)  18.9  ±  3.3 21.2  ±  3.7 0.0009
LVEDVI (mL/m2)  47.9  ±  7.4 46.1  ±  8.4 0.2448
LVESVI (mL/m2)  18.9  ±  4.2  18.4  ±  4.5  0.5744
LVEF (%)  61  ±  5  60  ±  6  0.5100
LVMI (g/m2)  88.3  ±  19.1  84.4  ±  17.9  0.2631
LADI (mm/m2)  22  ±  3  21  ±  3  0.3807
E pre  (cm/s)  70.6  ±  13.6  65.5  ±  13.8  0.0497
A pre  (cm/s)  81.4  ±  15.4  88.8  ±  14.8  0.0098
E/A pre  0.88  ±  0.11  0.75  ±  0.14  <0.0001
E-dct pre  (ms)  206  ±  59  238  ±  58  0.0047
WMSI pre  1.0  ±  0.0  1.0  ±  0.0  0.2009
WMSI post  1.1  ±  0.1  1.1  ±  0.1  0.9139
New WMA  (%)  14  (33%)  29  (35%)  >0.9999
E post  (cm/s)  99.0  ±  18.5  73.0  ±  15.2  <0.0001
A post  (cm/s) 73.9  ±  16.1  96.8  ±  17.5  <0.0001
E/A post 1.32  ±  0.25 0.79  ±  0.14  <0.0001
TMF, trans-mitral ﬂow; METS, metabolic equivalents; bpm, beats/min; BP, blood pressure; LVEDVI, left ventricular end-diastolic volume
index; LVESVI, left ventricular end-systolic volume index; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; LADI,
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Resting  and  post-stress  echocardiographic  variables  are
shown  in  Table  2.
There  were  no  signiﬁcant  differences  between  the  two
groups  in  LV  volumes,  LVEF,  LVMI,  and  LADI.  E/A  ratio  at  rest
was  signiﬁcantly  greater  in  patients  with  altered  TMF  veloc-
ity  pattern  after  exercise,  and  E-dct  at  rest  was  signiﬁcantly
shorter  in  patients  with  altered  TMF  velocity  pattern  after
exercise.  There  were  no  signiﬁcant  differences  between  the
two  groups  in  WMSI  at  rest  and  post-exercise.  Incidence  of
inducible  myocardial  ischemia  was  equivalent  in  the  two
groups.
Outcomes
During  the  5-year  follow-up  period,  30  cardiac  events
occurred  (Table  3).  As  shown  in  Fig.  2,  altered  TMF  veloc-
ity  pattern  after  exercise  was  associated  with  increased
risk  of  total  cardiac  events  (p  <  0.0001),  however,  inducible
myocardial  ischemia  was  not  associated  with  increased  risk
of  total  cardiac  events  (p  =  0.1395).  As  shown  in  Fig.  3,
altered  TMF  velocity  pattern  after  exercise  was  associated
with  late  coronary  revascularization  (p  =  0.0204)  and  new-
onset  AF  (p  =  0.0003).  Exercise-induced  myocardial  ischemia
was  also  associated  with  increased  risk  of  late  coronary
revascularization  (p  =  0.0010);  however,  inducible  myocar-
dial  ischemia  was  not  associated  with  increased  risk  of
new-onset  AF  (p  =  0.0896).
i
m
i
r motion abnormality.
As shown  in  Fig.  4,  patients  with  both  altered  TMF  veloc-
ty  pattern  after  exercise  and  inducible  myocardial  ischemia
ad  the  most  unfavorable  prognosis.  Patients  with  isolated
ltered  TMF  velocity  pattern  after  exercise  also  had  unfa-
orable  prognosis.
As shown  in  Table  4,  univariate  Cox  proportional  haz-
rds  regression  analysis  demonstrated  that,  higher  age,
ale  gender,  history  of  CAD,  greater  LVMI,  and  altered
MF  velocity  pattern  after  exercise  were  associated  with
ncreased  risk  of  total  cardiac  events.  Conversely,  usage  of
ngiotensin-converting  enzyme  inhibitor,  angiotensin  recep-
or  blocker,  beta-blocker,  nicorandil,  and  aspirin  were
ssociated  with  reduction  of  the  cardiac  events.  Multivariate
ox  proportional  hazards  regression  analysis  demonstrated
hat  altered  TMF  velocity  pattern  after  exercise  was  the  best
redictor  of  cardiac  events  including  new-onset  AF.  Multi-
ariate  analysis  also  demonstrated  that  usage  of  aspirin  was
ssociated  with  reduction  of  cardiac  events.
iscussion
his  retrospective  observational  study  has  demonstrated
hat  new-onset  AF  developed  signiﬁcantly  more  frequently
n  patients  with  exercise-induced  diastolic  dysfunction  esti-
ated  by  altered  TMF  velocity  pattern  after  exercise,  which
s  in  accord  with  previous  studies  on  diastolic  dysfunction  at
est  and  risk  of  AF  [9—11,15].
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Table  3  Cardiac  events  during  ﬁve  years  follow-up.
Patients  with  altered  TMF
after  exercise
n  =  42
Patients  w/o  altered
TMF  after  exercise
n  =  84
p  value
Total  cardiac  events  20  (48%)  10  (12%)  <0.0001
Sudden death  +  MI  3  (7%)  2  (2%)  0.3323
Sudden death 2  (5%)  0  (0%)  0.1093
MI 1 (2%) 2  (2%) >0.9999
Late PCI 7  (17%) 4  (5%) 0.0411
Atrial ﬁbrillation 10  (24%) 3  (4%) 0.0009
CRT 0  (0%)  1  (1%)  >0.9999
TMF, trans-mitral ﬂow; MI, myocardial infarction; PCI, percutaneous coronary intervention; CRT, cardiac resynchronization therapy.
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assessment  of  elevated  left  ventricular  ﬁlling
ressure
or  the  purpose  of  present  study,  the  deﬁnition  of  elevated
V  ﬁlling  was  based  only  on  the  E/A  ratio  and  therefore  too
implistic.  The  E/A  ratio  ≥  1.0  was  graded  as  elevated  LV
lling,  which  is  thought  to  consist  of  pseudo-normal  ﬁlling
nd  restrictive  ﬁlling.  However,  differentiation  of  pseudo-
ormal  from  normal  ﬁlling  is  a  signiﬁcant  problem  of  TMF
elocity  assessment,  especially  in  patients  with  preserved  LV
ystolic  function.  The  group  of  patients  with  E/A  ratio  ≥  1.0
ay  include  patients  with  high  ﬁlling  pressure  and  also  some
ormal  subjects.  To  solve  this  problem,  the  ratio  of  trans-
itral  E  to  peak  early  diastolic  mitral  annular  velocity  (E′)
ssessed  by  tissue  Doppler  imaging  has  been  widely  uti-
ized  at  rest  [12—15]  and  during  exercise  or  post-exercise
17—21].  Unfortunately,  however,  we  did  not  do  routine  E/E′
ssessment  at  the  time  of  the  present  study.  And  not  using
/E′ was  the  major  limitation  of  the  present  study.  To  mini-
ize  this  problem,  we  excluded  patients  with  E/A  ratio  ≥  1.0
t  rest.  We  hypothesized  that  patients  with  altered  TMF
elocity  pattern  after  exercise  (E/A  <  1.0  at  rest,  E/A  ≥  1.0
fter  exercise)  had  worse  diastolic  function  than  patients
ho  remained  with  impaired  LV  relaxation  after  exercise
E/A  <  1.0  at  rest,  E/A  <  1.0  after  exercise).  It  has  been
eported  that  there  was  a  signiﬁcant  increase  in  TMF  E  and
t
i
m
igure  2  Kaplan—Meier  survival  curves  showing  the  prognosis  asso
fter exercise  (left)  and  inducible  myocardial  ischemia  (right).  Al
ncreased risk  of  the  total  cardiac  events  including  new-onset  atria
ssociated with  increased  risk  of  the  total  cardiac  events.  WMA,  wa velocities  during  exercise,  and  because  of  proportional
ncreases  in  these  values,  E/A  ratio  was  unchanged  during
xercise  in  middle-aged  healthy  subjects  [24]. Peteiro  et  al.
ave  demonstrated  that  patients  with  altered  TMF  veloc-
ty  pattern  after  exercise  (E/A  <  1.0  at  rest,  E/A  ≥  1.0  after
xercise)  had  the  highest  E/E′ values  after  exercise  [25].
owever,  they  reported  that  the  sensitivity  of  TMF  veloc-
ty  pattern  assessment  for  detection  of  exercise-induced
levated  LV  ﬁlling  was  lower  than  that  of  E/E′. Therefore,
here  is  some  possibility  of  underestimating  the  presence  of
xercise-induced  elevated  LV  ﬁlling  in  our  study.
It  has  been  reported  that  left  atrial  (LA)  size  reﬂects
he  chronicity  and  magnitude  of  elevated  LV  ﬁlling  pres-
ure  and  provides  signiﬁcant  prognostic  value.  Bangalore
t  al.  reported  that  enlarged  LA  deﬁned  as  LADI  ≥  2.4  cm/m2
as  a  signiﬁcant  predictor  of  cardiac  events  independent
f  LV  systolic  function  and  myocardial  ischemia  [26]. In
he  present  study,  however,  LADI  did  not  provide  signiﬁcant
rognostic  value.  Relatively  small  LADI  (2.2  ±  0.3  cm/m2 in
atients  with  altered  TMF  velocity  pattern  after  exercise
nd  2.1  ±  0.3  cm/m2 in  patients  without  altered  TMF  veloc-
ty  pattern  after  exercise,  respectively)  in  the  present  study
s  thought  to  be  a  reason  for  the  discrepancy  between  the
wo  studies.  Because  we  measured  LADI,  not  LA  volume
ndex  in  this  study,  there  is  some  possibility  of  underesti-
ating  the  prognostic  value  of  LA  size  [27,28].
ciated  with  the  altered  trans-mitral  ﬂow  (TMF)  velocity  pattern
tered  TMF  velocity  pattern  after  exercise  is  associated  with
l  ﬁbrillation,  however,  inducible  myocardial  ischemia  was  not
ll  motion  abnormality.
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Figure  3  Kaplan—Meier  survival  curves  showing  the  prognosis  associated  with  the  altered  trans-mitral  ﬂow  (TMF)  velocity  pattern
after exercise  (left)  and  inducible  myocardial  ischemia  (right).  Both  parameters  are  not  associated  with  increased  risk  of  sudden
death or  myocardial  infarction  (top  panels).  Altered  TMF  velocity  pattern  after  exercise  is  associated  with  increased  risk  of  late
coronary revascularization  (left  middle)  and  new-onset  atrial  ﬁbrillation  (left  bottom).  Inducible  myocardial  ischemia  was  also
associated with  increased  risk  of  late  coronary  revascularization  (right  middle),  however,  inducible  myocardial  ischemia  was  not
ttom
p
[
eassociated with  increased  occurrence  of  new-onset  AF  (right  bo
Myocardial  ischemia  and  left  ventricular  ﬁlling
pressureIt  has  been  reported  that  exercise-induced  myocardial
ischemia  could  inﬂuence  LV  ﬁlling  pattern.  Presti  et  al.
reported  that  E/A  ratio  was  increased  from  rest  to
g
e
i
Figure  4  Kaplan—Meier  survival  curves  depicting  the  prognosis  a
trans-mitral ﬂow  (TMF)  velocity  pattern  after  exercise  and  inducib
after exercise  and  inducible  myocardial  ischemia  had  most  unfavorab
velocity pattern  after  exercise  also  had  unfavorable  prognosis  (open).  WMA,  wall  motion  abnormality.
ost-exercise  in  patients  with  inducible  myocardial  ischemia
29]. In  the  present  study,  prevalence  of  patients  with
xercise-induced  LVWMA  was  equivalent  in  the  two
roups  (Table  2).  We  did  not  ﬁnd  signiﬁcant  differ-
nce  in  post-exercise  E/A  value  between  patients  with
nducible  myocardial  ischemia  and  patients  without  it  (post
ssociated  with  the  4  groups  of  classiﬁcation  based  on  altered
le  ischemia.  Patients  with  both  altered  TMF  velocity  pattern
le  prognosis  (closed  circle).  Patients  with  isolated  altered  TMF
 circle).  WMA,  wall  motion  abnormality.
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Table  4  Univariate  and  multivariate  analysis  of  association  of  clinical  and  echocardiographic  variables  with  cardiac  events.
Parameters  Chi  square  Hazard  ratio  (95%  conﬁdence  interval)  p  value
Univariate  analysis
Age  6.008  1.099  (1.019—1.184)  0.0142
Male gender  6.392  2.981  (1.278—6.952)  0.0115
History of  CAD  10.264  3.238  (1.578—5.137)  0.0014
ACEI and/or  ARB  6.195  0.399  (0.194—0.823)  0.0128
Beta-blocker 16.182  0.189  (0.084—0.426)  <0.0001
Nicorandil 4.927  0.413  (0.189—0.902)  0.0264
Aldosterone antagonist 2.937  0.352  (0.106—1.162)  0.0866
Aspirin 14.632 0.128  (0.045—0.367) 0.0001
LVMI 3.912  1.022  (1.000—1.044) 0.0480
LVEF 0.875  1.037  (0.965—1.105)  0.3495
LADI 0.041  0.883  (0.264—2.947)  0.8395
Achieved METS  0.513  0.926  (0.749—1.144)  0.4740
New WMA  2.122  1.102  (0.832—3.493)  0.1452
Altered TMF  after  Ex.  17.214  5.010  (2.304—10.726)  <0.0001
Multivariate  analysis
Age  1.355  1.062  (0.960—1.174)  0.2444
Male gender  0.545  1.527  (0.496—4.695)  0.4604
History of  CAD  0.138  1.204  (0.451—3.213)  0.7107
ACEI and/or  ARB  0.299  0.806  (0.332—1.952)  0.6320
Beta-blocker 1.265  0.582  (0.227—1.495)  0.2607
Nicorandil 0.384  1.413  (0.473—4.219)  0.5356
Aldosterone antagonist 0.200  0.720  (0.170—3.042)  0.6550
Aspirin 4.519 0.226  (0.057—0.891)  0.0335
LVMI 1.354 1.017  (0.989—1.046)  0.2466
LVEF 0.635  1.034  (0.953—1.121)  0.4255
LADI 0.021 1.120  (0.243—5.154)  0.8841
Achieved METS 0.066  1.031  (0.816—1.304)  0.7980
New WMA 0.049  0.902  (0.365—2.233)  0.8243
Altered TMF  after  Ex. 9.697  3.939  (1.662—9.337)  0.0018
CAD, coronary artery disease; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; LVMI, left ventricular
mass index; LVEF, left ventricular ejection fraction; LADI, left atrial dimension index; METS, metabolic equivalents; WMA, wall motion
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xercise  E/A  was  0.95  ±  0.29  in  patients  with  new  LVWMA
nd  0.98  ±  0.33  in  patients  without  new  LVWMA,  respec-
ively,  p  =  0.6386).  Because  the  study  patients  were  older  in
he  present  study,  contribution  of  exercise-induced  diastolic
ysfunction  without  myocardial  ischemia  might  be  greater.
Recently,  Holland  et  al.  have  reported  that  exercise
/E′ >  14.5  is  associated  with  cardiovascular  hospitalization,
ndependent  of  and  incremental  to  inducible  ischemia  [30].
hey  demonstrated  that  prognosis  was  similar  in  patients
ith  isolated  raised  exercise  E/E′ and  those  with  ischemia
nd  normal  E/E′.  Similarly,  patients  with  isolated  altered
MF  velocity  pattern  after  exercise  had  unfavorable  prog-
osis  in  this  study  (Fig.  4).  Holland  reported  that  90%  of
he  cardiac  events  were  coronary  events,  however,  in  the
resent  study,  coronary  events  were  only  half  of  the  cardiac
vents,  and  most  of  the  remaining  events  were  new-onset
F.  Difference  in  the  patients’  age  between  the  two  stud-
es  may  be  the  reason  of  this  discrepancy.  Nevertheless,  the
resent  study  is  unique  in  demonstrating  the  independent
rognostic  value  of  altered  TMF  velocity  pattern  for  pre-
icting  new-onset  AF  in  elderly  patients  with  impaired  LV
elaxation  at  rest.
w
t
t
ttudy  limitations
ecause  this  is  a study  from  a  single  institution,  and  a
elatively  small  study,  the  results  should  be  interpreted
arefully.  Further  studies  are  necessary  for  evaluating  prog-
ostic  value  of  the  exercise-induced  diastolic  dysfunction.
A  physician  was  present  to  encourage  maximal  exercise,
owever,  sub-maximal  exercise  in  elderly  patients  with  mus-
uloskeletal  problems  may  be  associated  with  inadequate
easurement  of  post-exercise  E/A  value.  Different  exercise
tress,  such  as  bicycle  stress  may  attenuate  this  limitation.
Although  the  authors  are  experienced  with  stress
chocardiography,  altered  TMF  velocity  pattern  after  exer-
ise  can  be  an  expression  of  myocardial  ischemia,  not
etected  by  conventional  visual  wall  motion  assessment
22,31].  Further  studies  using  new  techniques  such  as  strain
ssessment  are  required  to  test  this  hypothesis.
Baseline  E/A  ratio  was  signiﬁcantly  greater  in  patients
ith  altered  TMF  velocity  after  exercise,  and  more  close
o  1  in  this  study.  Therefore,  there  was  some  possibility
hat  these  patients  had  more  impaired  diastolic  func-
ion  compared  to  patients  without  altered  TMF.  However,
trial  
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[Exercise-induced  diastolic  dysfunction  predicts  new-onset  a
differentiation  of  these  patients  is  a  signiﬁcant  problem  of
TMF  velocity  assessment  as  discussed  previously.  Utilizing
E′ or  E/E′ may  allow  differentiation  of  patients  with  rela-
tively  more  impaired  diastolic  function  from  patients  with
relatively  less  impaired  diastolic  function  at  baseline.
Finally,  although  patients  were  carefully  followed  up,  it
cannot  be  ruled  out  that  some  of  those  who  were  classiﬁed
as  having  stable  sinus  rhythm  had  episodes  of  undocumented
AF.  A  recent  study  using  implantable  cardiac  monitor  in
post  MI  patients  with  LV  systolic  dysfunction  demonstrated
a  much  higher  incidence  of  AF  [15]  than  previous  studies
using  conventional  ECG  at  clinical  follow-ups  to  diagnose  AF.
However,  it  is  difﬁcult  to  use  implantable  cardiac  monitor  in
patients  with  normal  LV  systolic  function  and  no  history  of
syncope  attack  as  we  studied.
Clinical  implications
AF  is  the  most  common  form  of  cardiac  arrhythmia  in  clin-
ical  practice,  and  its  prevalence  increases  over  time  as  the
population  ages  [32].
Although  new-onset  AF  is  not  acutely  life-threatening,
increased  risk  of  heart  failure  and  stroke  associated  with  AF
cause  severe  morbidity  and  mortality,  especially  among  the
elderly  people  in  the  community.
Over  several  years,  primary  and  secondary  prevention  of
AF  have  become  subject  to  intense  investigation,  due  to  its
clinical  importance.  As  shown  in  this  study,  patients  with
altered  TMF  velocity  pattern  after  exercise  have  a  signiﬁ-
cant  risk  of  new-onset  AF.  Therefore,  these  patients  should
be  considered  as  candidates  for  the  prospective  study  to
evaluate  whether  intensive  medical  treatments  can  reduce
new-onset  AF  in  elderly  hypertensive  patients.
Conclusion
In  elderly  patients  with  impaired  LV  relaxation  (E/A  <  1.0)
at  rest,  one  third  of  the  patients  developed  E/A  ≥  1.0  after
treadmill  stress.  This  altered  TMF  velocity  pattern  after
exercise  is  associated  with  increased  risk  of  cardiac  events
including  new-onset  AF  independent  of  inducible  myocardial
ischemia.
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